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(54) HEAT PUMP HOT-WATER SUPPLY SYSTEM

(57) A heat pump hot-water supply system includes
a heat pump hot-water supply device, a storage tank for
storing hot water obtained by operating the heat pump
hot-water supply device, and a control device for control-
ling starting/stopping of the heat pump hot-water supply

device. The control device estimates an outside air tem-
perature of a place where the heat pump hot-water supply
device is installed and determines an operating time zone
of the heat pump hot-water supply device based on an
estimated value of the outside air temperature.
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Description

Field of the Invention

[0001] The present invention relates to a heat pump
hot-water supply system, which includes a heat pump
hot-water supply device, a storage tank, and a control
device that controls the starting/stopping of the heat
pump hot-water supply device.

Background of the Invention

[0002] A conventional heat pump hot-water supply
system is disclosed in Patent Document 1. In the con-
ventional example disclosed in Patent Document 1, a
heat pump hot-water supply device is operated in the
nighttime during which the electricity rate is low, so that
hot water to be used on the next day is stored in a storage
tank.
[0003] An indicator that shows the performance (ca-
pability) of the heat pump hot-water supply device is ex-
emplified by a coefficient of performance (COP). The
COP is a ratio of an effective heating capacity to power
consumption when the heat pump hot-water supply de-
vice is operated. For example, the COP of the heat pump
hot-water supply device that has a heating capacity of
4.5 KW at a power consumption of 1.2 KW is calculated
as 4.5�1.2�3.7. This COP of a given heat pump varies
depending on the heat value obtainable from the outside
air by the heat pump hot-water supply device, and rises
as the temperature of the outside air increases. That is,
if the heating capacity is kept constant, the power con-
sumption of the heat pump hot-water supply device re-
quired to obtain the same heat value (amount of hot wa-
ter) decreases in proportion to an increase in the outside
air temperature.
[0004] However, since the conventional system dis-
closed in Patent Document 1 whose main concern is to
reduce the operating cost operates the heat pump hot-
water supply device in the nighttime during which the
electricity rateis low, it may not be able to achieve power
(energy) savings.

[Patent Document 1] Japanese Patent Application
Publication No. H9-68369

Summary of the Invention

[0005] In view of the above, the present invention pro-
vides a heat pump hot-water supply system which is able
to accomplish power (energy) savings.
[0006] In accordance with an embodiment of the
present invention, there is provided a heat pump hot-
water supply system, including a heat pump hot-water
supply device, a storage tank for storing hot water ob-
tained by operating the heat pump hot-water supply de-
vice, and a control device for controlling starting/stopping
of the heat pump hot-water supply device, wherein the

control device estimates an outside air temperature of a
place where the heat pump hot-water supply device is
installed and determines an operating time zone of the
heat pump hot-water supply device based on an estimat-
ed value of the outside air temperature.
[0007] With such configuration, the control device se-
lects a time zone in which the estimated value of the
outside air temperature is comparatively high and oper-
ates the heat pump hot-water supply device during such
a time zone, thereby accomplishing power (energy) sav-
ings, as compared to operating the heat pump hot-water
supply device over a time zone in which the outside air
temperature is comparatively low.
[0008] The control device may compare an outside air
temperature of a current day and an estimated value of
an outside air temperature of a next day to determine an
operating time zone of the heat pump hot-water supply
device.
[0009] The control device may operate the heat pump
hot-water supply device on the current day if the outside
air temperature of the current day is higher than the es-
timated value of the outside air temperature of the next
day.
[0010] The control device may operate the heat pump
hot-water supply device on the next day if the outside air
temperature of the current day is lower than the estimated
value of the outside air temperature of the next day.
[0011] The control device may operate the heat pump
hot-water supply device in a time zone in which the es-
timated value of the outside air temperature is at a max-
imum in a predetermined period of time starting from a
current time.
[0012] According to the present invention, power (en-
ergy) savings can be achieved.

Brief Description of the Drawings

[0013] The objects and features of the present inven-
tion will be apparent from the following description of em-
bodiments when taken in conjunction with the accompa-
nying drawings, in which:

FIG. 1 shows a system configuration in accordance
with an embodiment of the present invention;
FIG. 2 shows a graph of a correlation between the
outside air temperature and a coefficient of perform-
ance in the system in accordance with the embodi-
ment of the present invention; and
FIG. 3 shows a flowchart of an operation of a control
device in the system in accordance with the embod-
iment of the present invention;

Detailed Description of the Preferred Embodiments

[0014] Embodiments of the present invention will be
described in detail below with reference to the accompa-
nying drawings that form a part hereof. The same refer-
ence numerals will be assigned to the same or similar
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components throughout the drawings, and redundant de-
scriptions thereof will be omitted.
[0015] As shown in FIG. 1, a heat pump hot-water sup-
ply system in accordance with the present embodiment
includes a heat pump hot-water supply device 1, a stor-
age tank 2 for storing hot water obtained by operating
the heat pump hot-water supply device 1, and a control
device 3 for controlling the starting/stopping of the heat
pump hot-water supply device 1. The heat pump hot-
water supply device 1 and the storage tank 2 are installed
outside a house H, and the control device 3 is provided
inside the house H.
[0016] The heat pump hot-water supply device 1 is
conventionally known, and has a heat pump cycle includ-
ing an air heat exchanger for absorbing heat from the
outside air (atmosphere), a compressor, a hydrothermal
exchanger and expansion valves. The heat pump hot-
water supply device 1 further includes pumps and pipes
for returning cold water supplied from the storage tank 2
back to the storage tank 2 via the hydrothermal exchang-
er included in the heat pump cycle. Also, the storage tank
2 is connected to a pipe for supplying water to the storage
tank 2 from a water service and a pipe for supplying hot
water stored in the storage tank 2 to a house H. As such,
in the heat pump hot-water supply device 1, when a con-
trol signal transmitted via a signal line Ls from the control
device 3 as will be described later indicates to start op-
eration of the heat pump hot-water supply device 1, the
compressor and the pump are operated so that the sys-
tem is put in an on-state, whereas when the control signal
indicates to stop the operation of the heat pump hot-water
supply device 1, the operations of the compressor and
the pump are stopped so that the system is put in an off-
state. Because the structures and the operations of the
heat pump hot-water supply device 1 and the storage
tank 2 are conventionally known, the depiction and the
description thereof are omitted.
[0017] As shown in FIG. 1, the control device 3 includes
a control unit 30 having a microcomputer as a main com-
ponent, a memory unit 31 formed of electrically rewritable
semiconductor memory (for example, flash memory) and
storing a program that can be executed by the microcom-
puter of the control unit 30 and a variety of data, a control
signal transmission unit 32 for transmitting a control sig-
nal to the heat pump hot-water supply device 1 via the
signal line Ls, and a network communications unit 33 that
performs network communications with the Internet 4 via
a communications line Lx such as a telephone line, a
CATV coaxial cable or an optical fiber cable.
[0018] The control unit 30 controls the starting/stop-
ping of the heat pump hot-water supply device 1 in re-
sponse to the control signal transmitted via the signal line
Ls from the control signal transmission unit 32. Further-
more, instead of transmitting the control signal via the
dedicated signal line Ls, the control signal transmission
unit 32 may transmit a control signal via a power line (not
shown) arranged in the house H, using power line com-
munications, or transmit a control signal by using radio

waves as a communications medium, like a low-power
radio communications station.
[0019] The conventional system disclosed in Patent
Document 1 has been proposed to reduce the operating
cost (electricity price) in such a manner that the heat
pump hot-water supply device is operated in a time zone
(e.g. the nighttime) in which the electricity rate is com-
paratively low. However, because there is a positive re-
lationship between the COP of the heat pump hot-water
supply device 1 and the outside air temperature as men-
tioned in the conventional case (see FIG. 2), the power
consumption of the heat pump hot-water supply device
1 required to obtain the same amount of hot water (the
amount of supplied hot water) is decreased in proportion
to the increase in the outside air temperature.
[0020] Thus, the control device 3 in accordance with
the present embodiment estimates an outside air tem-
perature of a place where the heat pump hot-water supply
device 1 is installed (outside of the house H) and also
determines an operating time zone of the heat pump hot-
water supply device 1 based on the estimated value of
the outside air temperature. For example, the outside air
temperature of the current day and the estimated value
of the outside air temperature of the next day are com-
pared with each other. If the outside air temperature of
the current day is higher than the estimated value of the
outside air temperature of the next day, the heat pump
hot-water supply device 1 is controlled to be operated on
the current day so that hot water required on the next
day is stored in the storage tank 2. In contrast, if the
outside air temperature of the current day is lower than
the estimated value of the outside air temperature of the
next day, hot water required on the next day is controlled
to be supplied by operating the heat pump hot-water sup-
ply device 1 on the next day.
[0021] In this regard, the control unit 3 accesses a web-
site which provides weather information such as weather
forecasts (e.g. the website of a central meteorological
agency or a local meteorological agency) via the Internet
4 through the network communications unit 33, so that
information (data) about the predicted maximum temper-
ature of the next day of a region where the house H is
located is acquired from the website, and the predicted
maximum temperature as acquired is determined as the
predicted value of the outside air temperature of the next
day. For the outside air temperature of the current day,
the temperature of the current day (which is actually
measured or estimated) acquired from the website may
be used, or alternatively the temperature value measured
by using a temperature sensor 5 provided outside the
house H may be used. Whether the actually measured
temperature acquired from the website is used or the
estimated temperature acquired from the website is used
or the temperature value measured by using the temper-
ature sensor 5 is used depends on a program preset in
the memory unit 31 of the control device 3.
[0022] Specifically, in the case where the estimated
value of the outside air temperature of the current day,
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i.e., specifically, the predicted maximum temperature, is
used from the website, it is compared with the estimated
value of the outside air temperature of the next day (the
predicted maximum temperature). If the predicted max-
imum value of the outside air temperature of the current
day is higher than the predicted maximum value of the
outside air temperature of the next day, the heat pump
hot-water supply device is operated in the time zone,
wherein the temperature of the current day is predicted
to be at a maximum (which may also be acquired from
the website). On the other hand, if the predicted maxi-
mum value of the outside air temperature of the current
day is lower than the predicted maximum value of the
outside air temperature of the next day, the heat pump
hot-water supply device 1 is operated on the next day.
[0023] In the case where the actually measured values
of the outside air temperature of the current time acquired
from the website or the values measured by the temper-
ature sensor 5 are used, these values may be compared
with the predicted maximum values of the outside air tem-
perature of the next day at intervals of a predetermined
period of time, for example, every 30 min. Accordingly,
if the outside air temperature of the current day is higher
than the predicted maximum value of the outside air tem-
perature of the next day, the heat pump hot-water supply
device 1 is operated at that time. On the other hand, if
there is no case in which the outside air temperature of
the current day is higher than the estimated value of the
outside air temperature of the next day, the heat pump
hot-water supply device 1 is to be operated in the time
zone, wherein the temperature of the next day is predict-
ed to be at a maximum.
[0024] In the case where the outside air temperature
values of the first day (the current day) and the second
day (the next day) are compared and the heat pump hot-
water supply device 1 is operated on the second day, the
outside air temperature value of the second day and that
of the third day are not compared, and the outside air
temperature value of the third day and that of the fourth
day will be compared and the same control operation as
detailed above will be performed.
[0025] This is because, in the case when the outside
air temperature or the estimated value of the outside air
temperature keeps increasing day by day, sequentially
comparing the outside air temperature values of the first
day and the second day, those of the second day and
the third day and those of the third day and the fourth
day, the estimated values of the outside air temperature
of the next days will be higher and thus the operation of
the heat pump hot-water supply device 1 will not take
place on the current day and will be continuously post-
poned until the next days, and consequently there may
occur a situation wherein the heat pump hot-water supply
device 1 will not be operated for a few days. To prevent
this situation, when the outside air temperature values
of the first day and the second day are compared and
hot water is stored in the storage tank 2 on the second
day, the outside air temperature value of the second day

and that of the third day are not compared and the outside
air temperature value of the third day and that of the fourth
day will be compared. Accordingly, the heat pump hot-
water supply device is operated for at least one day of
the two days.
[0026] With reference to the flowchart of FIG. 3, the
operation of the control unit 30 of the control device 3 is
described below.
[0027] It is assumed that the actually measured value
of the outside air temperature acquired from the website
or the value measured by using the temperature sensor
5 be used as the outside air temperature of the current
day.
[0028] The control unit 30 acquires, as the estimated
value T2 of the outside air temperature of the next day,
the predicted maximum temperature of the next day from
the website (step S1), and the outside air temperature
T1 of the current time (e.g. the daytime of the current
day) from the website or by using the temperature sensor
5 (step S2), and compares these two outside air temper-
ature values T1 and T2 at an interval of a predetermined
period of time (step S3).
[0029] Furthermore, the control unit 30 operates the
heat pump hot-water supply device 1 during the daytime
on the current day to store hot water required on the next
day in the storage tank 2 if the outside air temperature
T1 of the current day (e.g. the temperature of the daytime)
is higher than the estimated value T2 of the outside air
temperature of the next day (step S4). Also, the control
unit 30 will operate the heat pump hot-water supply de-
vice 1 in the time zone of the next day, wherein the tem-
perature of the next day is predicted to be at a maximum,
to supply hot water required on the next day if the outside
air temperature T1 during the daytime of the current day
is equal to or lower than the estimated value T2 of the
outside air temperature during the daytime of the next
day (step S5).
[0030] In the above embodiment, the heat pump hot-
water supply device 1 is controlled to operate in the time
zone in which the outside air temperature is the highest
and the same heating capacity can be obtained with a
lower power consumption based on only the COP of the
heat pump hot-water supply device 1. However, the heat
pump hot-water supply device 1 may be operated in the
time zone in which the cost required to supply the sub-
stantially same amount of hot water is the lowest, in con-
sideration of the electricity rate as well as the COP of the
heat pump hot-water supply device 1.
[0031] The commercial power system sets the power
rate that varies depending on the time zone. For example,
the same electricity rate is applied in a time zone of the
early morning from 7 a.m. to 10 a.m. and a time zone of
the evening from 5 p.m. to 11 p.m., the highest electricity
rate is applied for the time zone of the daytime from 10
a.m. to 5 p.m., and the lowest electricity rate is applied
in the time zone of the nighttime from 11 p.m. to 7 a.m.
on the next day. In order to determine the time zone in
which the price required to supply the same amount of
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hot water is the lowest, on the assumption that the time
zones of the early morning and the evening having the
same electricity rate are defined as P1, the time zone of
the daytime is defined as P2 and the time zone of the
nighttime is defined as P3, the maximum temperatures
in the respective time ranges of P1, P2, P3 are acquired
from the website, and the COP is calculated based on
the maximum temperature in each time range and divid-
ed by the electricity rate set for the corresponding time
zone. Ultimately, when the heat pump hot-water supply
device 1 is operated in the range where the above result
value is the greatest, the total electricity price required
to supply the same amount of hot water becomes the
lowest.
[0032] Instead of operating the heat pump hot-water
supply device 1 in the nighttime due to the low electricity
rate, by taking into consideration both the electricity rate
and the COP of the heat pump hot-water supply device
1, the time zone in which the total electricity price is ac-
tually decreased is determined and the heat pump hot-
water supply device 1 is operated in such a time zone,
thereby saving on power and reducing the expenditure.
[0033] Alternatively, the control unit 30 of the control
device 3 may control the heat pump hot-water supply
device 1 to be operated in the time zone in which the
estimated value of the outside air temperature is at a
maximum in a predetermined period of time at an interval
of the predetermined period of time (e.g. 24 hr) starting
from the current time.
[0034] Alternatively, the control unit 30 of the control
device 3 may control the heat pump hot-water supply
device 1 to be operated in the time zone in which the
estimated value of the outside air temperature is at a
maximum in one day (from 0 hr to 24 hr).
[0035] In the present embodiment as described above,
the control unit 30 of the control device 3 selects the time
zone in which the estimated value of the outside air tem-
perature is comparatively high and operates the heat
pump hot-water supply device 1 in such a time zone,
thereby accomplishing power (energy) savings, as com-
pared to operating the heat pump hot-water supply de-
vice 1 in the time zone in which the outside air tempera-
ture is comparatively low.
[0036] Also in the above embodiment, although a
house is given by way of example as the place to which
the heat pump hot-water supply system is applied, the
present invention is not limited thereto, and may include
a complex house such as a mansion, an office, a busi-
ness section, and the like.
[0037] While the invention has been shown and de-
scribed with respect to the embodiments, the present in-
vention is not limited thereto. It will be understood by
those skilled in the art that various changes and modifi-
cations may be made without departing from the scope
of the invention as defined in the following claims.

Claims

1. A heat pump hot-water supply system, comprising a
heat pump hot-water supply device, a storage tank
for storing hot water obtained by operating the heat
pump hot-water supply device, and a control device
for controlling starting/stopping of the heat pump hot-
water supply device, wherein:

the control device estimates an outside air tem-
perature of a place where the heat pump hot-
water supply device is installed and determines
an operating time zone of the heat pump hot-
water supply device based on an estimated val-
ue of the outside air temperature.

2. The heat pump hot-water supply system of claim 1,
wherein the control device compares an outside air
temperature of a current day and an estimated value
of the outside air temperature of a next day to deter-
mine the operating time zone of the heat pump hot-
water supply device.

3. The heat pump hot-water supply system of claim 2,
wherein the control device operates the heat pump
hot-water supply device on the current day if the out-
side air temperature of the current day is higher than
the estimated value of the outside air temperature
of the next day.

4. The heat pump hot-water supply system of claim 3,
wherein the control device operates the heat pump
hot-water supply device on the next day if the outside
air temperature of the current day is lower than the
estimated value of the outside air temperature of the
next day.

5. The heat pump hot-water supply system of any one
of claims 1 to 4, wherein the control device operates
the heat pump hot-water supply device in a time zone
in which the estimated value of the outside air tem-
perature is at a maximum in a predetermined period
of time starting from a current time.

6. The heat pump hot-water supply system of any one
of claims 1 to 5, wherein the control device deter-
mines the operating time zone of the heat pump hot-
water supply device by taking into further consider-
ation electricity rates depending on time zones.
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